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(57) ABSTRACT

A method for transmitting data from a first User Equipment
(UE) in a wireless communication system is provided. In the
method, the first UE receives uplink data of a second UE from
the second UE on a first uplink subframe of an Nth frame and
transmits the received uplink data of the second UE to a base
station on a first uplink subframe of an (N+1)th frame and
then receives feedback information associated with the trans-
mitted uplink data of the second UE from the base station.

12 Claims, 6 Drawing Sheets

A Frame 4N ‘ Frame #(N+1) ‘
T T |
DL | DL DL UL
S 6] SFl<6 SF’ (6} | SF3{6) |SE4() SF3(6 SFh[6 SF7(~ SF016) SF SF" SB ) |SF4(5) SFS(6 SF6 SFi(5)
Cooperative U_E Do NHC-NDE UL ] UL T UL DL | DL | DL | DL | DL UL | UL [ UL
device SUH(6)| ST |(6) | SFD(e) |-ST4(B).[SEH3) || SFX(6) | SF6(6) | SF7(3) | SFOE) | SFI(6) | SF2(6) | SE3{6) SFA(S ) SEX6) | SF6(6) | SFi(3)
. Offjstate -
Devicestate - - —L—— | - 2P | el T Ty T A T ________________—______—__—___—__—_———-——————3 1
evice state I ~ T On ste
D2D list 'ning intgrval
Souree DL DL q‘x
Device | SFO{6) SF» SF4( 9 SF}( 0) SF6 6) SF7 F@(S} SFHe)S!

Dff stae

Device state -Co————————————————-————————-————-<=
ON state

DIUL data & eonrol
for souree device

_____ +_______________________________________

DIUL dala & control
for cooperative device



US 9,241,234 B2
Page 2

(56) References Cited

OTHER PUBLICATIONS

Kyujin Park, et al., “Definition of Device Collaboration Mode for
Low Power Consumption”, IEEE 802.16 Broadband Wireless Access
Working Group, IEEE C802.16p-10__0030, Dec. 30, 2010.

Kyujin Park, et al., “Device Cooperation for M2M Communica-
tions”, IEEE 802.16 Broadband Wireless Access Working Group,
IEEE C802.16p-10/000412, Nov. 10, 2010.

International Search Report and Written Opinion issued in corre-
sponding International Patent Application No. PCT/KR2011/009207
dated Jun. 22, 2012.

* cited by examiner



U.S. Patent Jan. 19, 2016 Sheet 1 of 6 US 9,241,234 B2
Fig. 1
100 150

e S Z 77777777777 1 - K 77777777777 1
- M2Mdeviee ¢ 10 1| Basestation o 170 |
| | | |
J— 28 I — /-
| REF Unit Processor . RE Unit Processor |
i Translmitter (11 130 i i Translmitter —— 161 180 i
| / | | / |
| | | |

i 1 I Y 1 \
i Recerver 112 Memory | | i Recerver 162 Memory | |
. B T i

Li<<Lz

L1 Pathloss between near - cell M2M device and BS
L3 Pathloss between call - edge M2M device and BS

L2 Cell - edge M2M device
L1 Near-cell M2M device

&

b

4
M2M device with Power Source ZY///

\ x7

Battery - limited M2M device

Anchor device 2




U.S. Patent Jan. 19, 2016 Sheet 2 of 6 US 9,241,234 B2

Source device

(@) Transmission through cooperative device (b) Transmission through anchor device

————— —— —————— —— —— —— — —— — — —— ———,



US 9,241,234 B2

Sheet 3 of 6

Jan. 19, 2016

U.S. Patent

Fig. 4

ausap aAnesadood 10) Q1A HAUNOS J0f
[onuaa R erep 171 [oxuea R eiep 11710
lllllllllllllllllllllllllllllllllllllll L aeNO
1818 4O — - S AT
—,azm/ (9918 1 OIS, MEIRIS] (S | (OIS (OIS [49)0uS [ (628 | (9)9dS | (9)as QiC)nas| (edS | O)dS | OIS | (Glods|  4eq
D 5 e N e A (O O N R a1 O (e (o e A (< O e (T A O
[eAIpI SN (1701
8IS U —— — T 1T T o P
N Sttt eledeslesdesfesfosfeosfndonfosfosfosfesfestes L s S sllio - a8 901A3(]
(5)cds | (91935 | )35 [Wisltas| (9)eas | (9zas | @ras| loss [ (Sheas [ (9935 | O)kas Jlofas] Q5|13 1O a8 [@)ds ] eomap
m | m | B1a] 1a | 1d (10 |10 B 100 RO O S sanesadoo)
1 1 1
_:Em (9935 | )35 W(SpaS) (9)€S | (9)zas | 0S| (9)045 W (SLAS | (9945 | (9K WC)rds| (9eds | (D2ds | G/14s | (ods |
m | m|m B10] @ | 1d |10 |70 f | In 0 BT | T |1 |1 ]| °
| | |
| (1N ) ourelf o N# U] !



US 9,241,234 B2

Sheet 4 of 6

Jan. 19, 2016

U.S. Patent

Fig. 5

“““““““““““ MEANO s
| aaaac
ks afreas afosas Tl a5 90 s ol s Tl S Tloeas g SN
S 7 oS
UoTRIng g4 S|
, i g 3 ” < \\\\ s g .\\ ‘:\ \ \\\\ ATTAS
G351 43810 |8 T m L S S v
U sauegqns ¢ ) sweawes AHd 10/ 10
P
0018 wi | (<18
chas LTt T 0t s H 08 ) s G AS 0 S W Geas il ¢
( 301430 304908 0 {|+N) # Wl [BUMIA }{ 74+N } ¢ 2wl
[ TOLEINT NO g
- + ||||||||||||||||||||||||||||||||||||||||||||| [ERty
mgimua_ 30143
0IN0S
[essoqm umarsn qzq Oits
- uonend NO _ | ams
.- [ O wememg 440 | AN
s s T s T e 38 Tl ds e 3S T casmitasnlonas il ~ L ) T A e
OIS 071s —_| - { soweyqus § ) swg awesy AHd 1/ 11 ft\l/%._.m _ ,
s T [tds oy 28 Tl 55 1afen 45 afen 45 100l 1 1l 05wl onds 1 ivds 1lords e 55 e 45 T0fz S aliras iabi s 1a]  se

(anaap aanpzadood 107 4 awen] et ) { T+N ) # 2WRLy

{ 22043p 22005 J0] N  SUEL] [BOLILA ) N % SWeIy



US 9,241,234 B2

Sheet 5 of 6

Jan. 19, 2016

U.S. Patent

Fig. 6

UoNEm( NO ;s
201A3(

S|
aamog

Lz s s i o s 1 e a8 1] s

s ________\_______ [ _ s
goreIng 10 221a3(

\ﬁ < NAD
aAneiadoo)

P

~ 08

7o 36 s fow s i s T e as Tl A al ke s | ovas 1| o
{ 201AGP 20108 Ja) (|+N) # AWEL] eI J{ 7HN ) & QWL

uoeneIn( NO -

| 20182(]

43005 IR] 084S 10 P4 1S 0k 45 K0G8 101 S Ta oI5 K] eq

A 20108
““““““““ wpEngNoe oo [ —
uolen(] 440 (]
45 0 15107 85 1 A EP
- ( soumyqns § ) swg awerg AH4 70/ 1N .
I —— N — "

S AN 108 300 48 10 o5 K068 o8 7102 45 710

W07 o8 10|28 500 S TR OtdS IR oS [ S KA 45 1)

{ 921A3p 24240000 J0) N # IWBL] [ROA ) (4N ) 4wty

((A0IAAP AMNOS 1] N f AUIRL [AMLLA ) N f AUy



US 9,241,234 B2

Sheet 6 of 6

Jan. 19, 2016

U.S. Patent

Fig. 7

woneIg| N
“““““““““ e oo Y
ATV R [t 3890 e aS Talgir S F] 1 a8 Ao as | 3
uonEN( NQ | o
_ TOTRIN 130 AMAA(]
N ] ey H .+ T P JE r . - s . \.. P o . [ \\\ ey y
[ 1 38 T [0 38 M s e vl s 1] 1 O % S A -
P
0ees
B4 S IO A8 T 48 710 [t 1S |k IS 70| 0 iS. T IS s 10 |2 38 1 ¢4 4S 1] G4 35101 0w 15.10] gy
{ 9149D 3ALLTAC000 20F ( 1N ) 4 AWeX] TenIA ) (1N ) ¢ ey ( 2a1A0p 207108 J0f { [+ # AWEI] [BNNTA }{ 74N ) # HWEI]
| _ ToneING N( 1S
woneIn( 30 | 2o
LA b e asanfinas g a8 T 5 s 45 Tojes 15 Taf i 1S Ta 108 4 ] e
[eARYE BT (T2 | — OIS
oneIn( UQ) l\l_ | s
_ _ uoneng 450 WA
R e R e R R U T R TN R L e ) D P e o e v

UOTSSILLISUEL) Oy
]

&

OCEs

{ saweyqns § ) swg awesy AHd 1/ 10

[~ T 00ES

=

¥

i s

T ds 1] 245 00 4511 74 5 SR 48 T[T 45 10 A8 1A 45

=

—F—F—F

L e L

£ 451018 100845 10 45 106 451008 45 0] 1448 Tt 55 10

T

{ 20149 2ATIEI0002 JO] N # AWeL] [BNMIA ) ( 71N ) # AUe1]

( 20149D 21105 JO [\ 4 AWWET] [EMITA ) N  JWETY

1 aareradoon



US 9,241,234 B2

1
METHOD AND APPARATUS FOR
TRANSMITTING DATA IN WIRELESS
COMMUNICATION SYSTEM

TECHNICAL FIELD

The present invention relates to wireless communication,
and more particularly, to a method and apparatus for trans-
mitting data by a Machine to Machine (M2M) device, to
which M2M communication is applied, in a wireless commu-
nication system.

BACKGROUND ART

Although conventional communication is mostly Human
to Human (H2H) communication performed between termi-
nals of users via a base station, Machine to Machine (M2M)
communication has become possible along with development
of communication technology. The term ‘M2M communica-
tion’ refers to communication that is performed between elec-
tronic devices as the term states. Although, in a broad sense,
the term ‘M2M communication’ refers to wired or wireless
communication between electronic devices or communica-
tion between a device that is controlled by a human and a
machine, the term has generally been used recently to indicate
wireless communication between electronic devices, i.e.,
wireless communication between devices.

Inthe early 1990°s when the M2M communication concept
was introduced, M2M was considered a concept such as
remote control or telematics and associated markets were
greatly limited. However, in recent years, M2M communica-
tion has been continuously rapidly developed, creating a new
market that is attracting domestic and global attention. Espe-
cially, M2M communication has exerted a great influence
upon fields such as Point Of Sale (POS) and fleet management
in the security-related application market and a smart meter
for automatically measuring the amount of consumed heat or
electricity, measuring an operating time of construction
equipment and facilities, and remote monitoring of machines
and facilities. In the future, M2M communication will be used
for a wider variety of purposes, in combination with existing
mobile communication and wireless high-speed Internet or
low-power communication solutions such as Wi-Fi and Zig-
Bee, and will no longer be limited to the B2B market and will
expand its application field into the B2C market.

In the M2M communication era, all machines equipped
with a SIM card can transmit and receive data such that it is
possible to remotely manage and control all such machines.
For example, the field of application of M2M communication
technology is greatly broad such that M2M communication
technology can be used for a great number of devices and
equipment such as cars, trucks, trains, containers, vending
machines, and gas tanks.

The power consumption problem is very important for the
M2M device due to the characteristics of the M2M device.
Thus, the M2M device reports to the base station in a long-
term manner or is triggered by an event to report to the base
station. That is, while the M2M device mostly remains in an
idle state, the M2M device may be awoken into an active state
at intervals of a long period or when an event has occurred.
Most M2M devices have low mobility or have no mobility
(i.e., are stationary). As the number of stationary M2M device
application types persistently increases, a very large number
of such M2M devices will become present in the same base
station.

One feature of the M2M device is a time-controlled opera-
tion. Time-controlled traffic implies absence of ‘ad-hoc’
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2

packet transmission to or from an M2M device. The system
may support time-controlled operation and the M2M device
may transmit or receive data only within a predefined time
interval. Most M2M applications include a portion corre-
sponding to time-controlled traffic. M2M applications differ
only in the occupancy ratio of time-controlled traffic to ad-
hoc traffic.

Another feature of the M2M device is low mobility or no
mobility. That is, the M2M device may remain stationary for
a long time. The system can simplify or optimize mobility-
related operations for specific M2M applications having fixed
positions such as applications for secured access and surveil-
lance, public safety, payment, remote maintenance and con-
trol, and metering.

However, no studies have been conducted on a method of
transmitting data from an M2M device taking into consider-
ation such characteristics.

DISCLOSURE OF INVENTION
Technical Problem

An object of the present invention devised to solve the
problem lies on a method and apparatus for transmitting data
in a wireless communication system, which can efficiently
support M2M devices in the wireless communication system.

Objects of the present invention are not limited to those
described above and other objects will be clearly understood
by those skilled in the art from the following description.

Solution to Problem

The object of the present invention can be achieved by
providing a method for transmitting data in a first user equip-
ment of a wireless communication system, the method
including receiving uplink data of a second user equipment
from the second user equipment on a first uplink subframe of
an Nth frame, transmitting the received uplink data of the
second user equipment to a base station on a first uplink
subframe of an (N+1)th frame, and receiving feedback infor-
mation associated with the transmitted uplink data of the
second user equipment from the base station.

The method further includes retransmitting the uplink data
of the second user equipment to the base station on a first
uplink subframe of an (N+2)th frame, when the received
feedback information is negative-acknowledgement (NACK)
information indicating a failure to receive the uplink data of
the second user equipment.

The Nth frame and the (N+2)th frame are intervals in which
the first user equipment operates in an off-state mode for
power saving and the (N+1)th frame is an interval in which
the first user equipment operates in an on-state mode in which
the first user equipment can transmit or receive data.

Each uplink subframe of the Nth frame and the (N+2)th
frame is a Device to Device (D2D) listening interval in which
the first user equipment receives uplink data of the second
user equipment from the second user equipment and the D2D
listening interval is included in an interval in which the first
user equipment operates in the off-state mode.

An uplink resource region through which the first user
equipment receives the uplink data of the second user equip-
ment from the second user equipment is identical to an uplink
resource region through which the first user equipment trans-
mits the uplink data of the second user equipment to the base
station.
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The interval in which the first user equipment operates in
the off-state mode includes a D2D listening interval in which
the first user equipment receives data and decodes the
received data.

D2D communication is performed between the first user
equipment and the second user equipment.

In another aspect of the present invention, provided herein
is an apparatus for transmitting data in a wireless communi-
cation system, the apparatus including a transmitter, a
receiver, and a processor configured to control the receiver to
receive uplink data of a first user equipment from the first user
equipment on a first uplink subframe of an Nth frame, con-
figured to control the transmitter to transmit the received
uplink data of the first user equipment to a base station on a
first uplink subframe of an (N+1)th frame, and configured to
control the receiver to receive feedback information associ-
ated with the transmitted uplink data of the first user equip-
ment from the base station.

The processor is configured to control the transmitter to
retransmit the uplink data of the first user equipment to the
base station on a first uplink subframe of an (N+2)th frame,
when the received feedback information is negative-acknowl-
edgement (NACK) information indicating a failure to receive
the uplink data of the first user equipment.

The Nth frame and the (N+2)th frame are intervals in which
the apparatus operates in an off-state mode for power saving
and the (N+1)th frame is an interval in which the apparatus
operates in an on-state mode in which the apparatus can
transmit or receive data.

Each uplink subframe of the Nth frame and the (N+2)th
frame is a Device to Device (D2D) listening interval in which
the apparatus receives uplink data of the first user equipment
from the first user equipment and the D2D listening interval is
included in an interval in which the apparatus operates in the
off-state mode.

An uplink resource region through which the apparatus
receives the uplink data of the first user equipment from the
first user equipment is identical to an uplink resource region
through which the apparatus transmits the uplink data of the
first user equipment to the base station.

The interval in which the apparatus operates in the off-state
mode includes a D2D listening interval in which the appara-
tus receives data and decodes the received data.

The apparatus performs D2D communication with the first
user equipment.

Advantageous Effects of Invention

According to embodiments of the present invention, M2M
devices can quickly and efficiently transmit data in a wireless
communication system.

Advantages of the present invention are not limited to those
described above and other advantages will be clearly under-
stood by those skilled in the art from the following descrip-
tion.

BRIEF DESCRIPTION OF DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principle of the invention.

In the drawings:

FIG. 1 illustrates a configuration of an M2M device and a
base station according to an embodiment of the present inven-
tion;
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FIG. 2 illustrates a structure for device cooperation based
on a mobile relaying scheme according to an embodiment of
the present invention;

FIG. 3 illustrates an exemplary method for transmitting
data through a cooperative M2M device and an exemplary
method for transmitting data through an anchor M2M device;

FIG. 4 illustrates a frame structure for a wireless commu-
nication system to which device cooperation is applied
according to an embodiment of the present invention;

FIG. 5 illustrates a method for transmitting data according
to a first embodiment of the present invention;

FIG. 6 illustrates a method for transmitting data according
to a second embodiment of the present invention; and

FIG. 7 illustrates a method for transmitting data according
to a third embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

Reference will now be made in detail to the preferred
embodiments of the present invention with reference to the
accompanying drawings. The detailed description, which
will be given below with reference to the accompanying
drawings, is intended to explain exemplary embodiments of
the present invention, rather than to show the only embodi-
ments that can be implemented according to the invention.
The following detailed description includes specific details in
order to provide a thorough understanding of the present
invention. However, it will be apparent to those skilled in the
art that the present invention may be practiced without such
specific details. For example, although the following descrip-
tions will be given in detail with reference to the case in which
the wireless communication system is an IEEE 802.16 sys-
tem, the following descriptions, except descriptions specific
to IEEE 802.16, may be applied to any other wireless com-
munication system (for example, an UTE/LTE-A system).

In some instances, known structures and devices are omit-
ted or shown in block diagram form, focusing on important
features of the structures and devices, so as not to obscure the
concept of the present invention. The same reference numbers
will be used throughout this specification to refer to the same
or like parts.

In the following description, the term “terminal’ is used to
generally describe any mobile or stationary user device such
as a User Equipment (UE), a Mobile Station (MS), or an
Advanced Mobile Station (AMS). In addition, the term ‘base
station (BS)’ is used to generally describe any network node
that communicates with the terminal such as a Node B, an
eNode B, Advanced Base Station (ABS), or an Access Point
(AP).

In a wireless communication system, a user equipment can
receive information through downlink from a base station and
can transmit information through uplink. Information trans-
mitted or received by the user equipment includes data and
various control information and various physical channels are
provided according to the type or usage of the information
transmitted or received by the user equipment.

FIG. 1 illustrates a configuration of an M2M device and a
base station according to an embodiment of the present inven-
tion.

As shown in FIG. 1, the M2M device 100 and the base
station 150 may include RF units 110 and 160, processors 120
and 170, and memories 130 and 180, respectively. The RF
units 110 and 160 may include transmitters 111 and 161 and
receivers 112 and 162, respectively. The transmitter 111 and
the receiver 112 of the M2M device 100 may be configured so
as to transmit and receive signals to and from the base station
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150 and other M2M devices and the processor 120 may be
functionally connected to the transmitter 111 and the receiver
112 so as to control processes which the transmitter 111 and
the receiver 112 perform to transmit and receive signals to and
from other devices. The processor 120 may transmit a signal
to the transmitter 111 after performing a variety of processes
upon the signal and may process a signal received by the
receiver 112. When needed, the processor 120 may store
information included in an exchanged message in the
memory 130. Using such a structure, the M2M device 100 can
perform methods according to various embodiments
described below.

Although not illustrated in FIG. 1, the M2M device 100
may include various additional components according to the
type of application. When the M2M device 100 is an M2M
device for smart measurement, the M2M device 100 may
include an additional component for power measurement or
the like and such a power measurement operation may be
controlled by the processor 120 shown in FIG. 1 or by a
separate processor (not shown).

Although FIG. 1 illustrates the case in which communica-
tion is performed between the M2M device 100 and the base
station 150, M2M communication methods according to the
present invention may be performed between M2M devices
and each of the devices may have the same configuration as
that shown in FIG. 1 and perform methods according to
various embodiments described below.

The transmitter 161 and the receiver 162 of the base station
150 may be configured so as to transmit and receive signals to
and from another base station, an M2M server, and M2M
devices and the processor 170 may be functionally connected
to the transmitter 161 and the receiver 162 so as to control
processes which the transmitter 161 and the receiver 162
perform to transmit and receive signals to and from other
devices. The processor 170 may transmit a signal to the trans-
mitter 161 after performing a variety of processes upon the
signal and may process a signal received by the receiver 162.
When needed, the processor 170 may store information
included in an exchanged message in the memory 180. Using
such a structure, the base station 150 can perform methods
according to various embodiments described below.

The processors 120 and 170 of the RF unit 110 and the base
station 150 instruct (for example, control, adjust, or manage)
operations of the RF unit 110 and the base station 150, respec-
tively. The processors 120 and 170 may be connected to the
memories 130 and 180 that store program code and data. The
memories 130 and 180 are connected to the processors 120
and 170 and store operating systems, applications, and gen-
eral files, respectively.

Each of the processors 120 and 170 may also be referred to
as a controller, a microcontroller, a microprocessor, or a
microcomputer. Each of the processors 120 and 170 may be
implemented by hardware, firmware, software, or any com-
bination thereof. In the case in which the embodiments of the
present invention are implemented by hardware, the proces-
sors 120 and 170 may include application specific integrated
circuits (ASICs), digital signal processors (DSPs), digital
signal processing devices (DSPDs), programmable logic
devices (PLDs), field programmable gate arrays (FPGAs),
processors, controllers, microprocessors, or the like.

In the case in which the embodiments of the present inven-
tion are implemented by firmware or software, the firmware
or software may be configured so as to include modules,
processes, functions, or the like which perform the features or
operations of the present invention and the firmware or soft-
ware configured so as to implement the present invention may
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be provided in the processors 120 and 170 or may be stored in
the memories 130 and 180 so as to be executed by the pro-
cessors 120 and 170.

Such a device that communicates in an M2M manner as
described above can be referred to as an M2M device, an
M2M communication device, or a Machine Type Communi-
cation (MTC) device. On the other hand, a conventional ter-
minal (or user equipment) may be referred to as a Human
Type Communication (HTC) terminal or a Human to Human
(H2H) device.

As described above, the M2M device mostly has low
mobility or has no mobility. This indicates that the M2M
device is stationary for a long time. In addition, the M2M
device may support time-control operations. That is, the
M2M device may transmit or receive data only within pre-
defined time intervals. The M2M device also transmits a
small amount of data and has a relatively long data transmis-
sion period. Due to such characteristics, low power consump-
tion is required for M2M devices.

FIG. 2 illustrates a structure for device cooperation based
on a mobile relaying scheme according to an embodiment of
the present invention. Device cooperation can extend power
life of M2M devices having limited power. For example, an
M2M device having a power source may relay data traffic
transmission of an adjacent M2M device having limited
power. In addition, an anchor device having a power source
may collect data traffic of adjacent M2M devices having
limited power and transmit the data traffic to a base station.

In this manner, device cooperation allows M2M devices
having limited power to reduce power consumption required
for data traffic transmission and to achieve path-loss gain.
Device cooperation can also solve non-uniformity of power
consumption of fixed M2M devices. Fixed M2M devices may
have different power consumptions and power lives depend-
ing on geographical environments between the fixed M2M
devices and a base station. Such different power consump-
tions and power lives are due to different path losses and
different required transmission powers. M2M devices distant
from the base station require higher power to transmit data
traffic than M2M devices close to the base station. Thus,
M2M devices distant from the base station consume more
power than M2M devices close to the base station and there-
fore M2M devices distant from the base station have short
power lives. Accordingly, using device cooperation, it is pos-
sible to solve non-uniformity of power consumption of fixed
M2M devices.

FIG. 3 illustrates an exemplary method for transmitting
data through a cooperative M2M device and an exemplary
method for transmitting data through an anchor M2M device.

Device cooperation methods may be classified into a
method using a cooperative M2M device and a method using
an anchor M2M device. FIG. 3(a) illustrates an example of
data transmission through a cooperative M2M device and
FIG. 3(b) illustrates an example of data transmission through
an anchor M2M device.

The cooperative M2M device may perform functions simi-
lar to a relay station. That is, a source M2M device may
transmit data traffic to a cooperative M2M device through a
Device to Device (D2D) link and a cooperative M2M device
may transmit the data traffic received from the source M2M
device to a base station (BS).

The anchor M2M device is an anchor-type cooperative
M2M device that receives data traffic from a plurality of
source M2M devices and transmits the received data traffic to
the base station.

FIG. 4 illustrates a frame structure for a wireless commu-
nication system to which device cooperation is applied
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according to an embodiment of the present invention. Spe-
cifically, FIG. 4 illustrates frame structures for a base station,
a cooperative M2M device (C-M2M device), and a source
M2M device (S-M2M device). Although this embodiment
will be described with reference to uplink structures, it will be
apparent that the same method is applicable to downlink
structures.

The C-M2M device and the S-M2M device have two state
modes, an on-state mode and an off-state mode. In the on-
state mode, the S-M2M device receives downlink data and
downlink control information from the base station on a
downlink subframe and transmits uplink data and uplink con-
trol information to the C-M2M device on an uplink subframe.

The C-M2M device receives downlink data and downlink
control information from the base station on a downlink sub-
frame and transmits uplink data and uplink control informa-
tion to the base station on an uplink subframe. In addition, the
C-M2M device transmits the uplink data and uplink control
information of the S-M2M device received from the S-M2M
device in a D2D listening interval of the off-state mode to the
base station.

In the off-state mode, the S-M2M device operates in a
power saving mode. The C-M2M device receives uplink data
and uplink control information ofthe S-M2M device from the
S-M2M device on an uplink subframe. In a downlink sub-
frame interval, the S-M2M device operates in a power saving
mode. An uplink subframe interval in the off-state mode is
referred to as a D2D listening interval.

On the other hand, in the off-state mode, the S-M2M device
can receive data and control information. However, the
S-M2M device does not decode the received data and control
information for power saving although the S-M2M device
can decide to receive and decode specific control information
(for example, ACK/NACK information).

An uplink resource for the C-M2M device to transmit
uplink data of the S-M2M device to the base station is deter-
mined according to a synchronous (non-adaptive) HARQ
retransmission scheme.

In the non-adaptive HARQ retransmission scheme, the
C-M2M device does not explicitly receive allocation of a
resource region for uplink data of the S-M2M device from the
base station through a downlink control channel but instead
transmits the uplink data ofthe S-M2M device received from
the S-M2M device to the base station in a subsequent frame
using the same uplink resource region as that in which the
C-M2M device has received the uplink data from the S-M2M
device in a D2D listening interval in the off-state mode. This
can be confirmed through a HARQ NACK feedback received
from the base station.

That is, even when the C-M2M device has not received
allocation information of a resource for uplink data of the
S-M2M device, the C-M2M device can transmit uplink data
of'the S-M2M device at the same uplink subframe position in
a frame subsequent to a frame in which the C-M2M device
has received the uplink data from the S-M2M device at the
same uplink subframe position since a HARQ-timing rule is
fixedly applied. Fixed application of the HARQ-timing rule
indicates that, if the base station can transmit HARQ ACK/
NACK information for uplink data of the S-M2M device, it is
possible to implicitly know a next uplink subframe position
with reference to the transmission time of the HARQ ACK/
NACK.

On the other hand, in an adaptive HARQ retransmission
scheme, the C-M2M device can explicitly receive allocation
of a resource for uplink data of the S-M2M device from the
base station through a downlink control channel and can
transmit the uplink data of the S-M2M device to the base
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station using the allocated resource. Here, uplink resource
allocation information associated with the resource for trans-
mission of uplink data of the S-M2M device is transmitted
after being masked with a specific identifier such that the
resource can be discriminated from the resource for transmis-
sion of uplink data of the C-M2M device. Alternatively, infor-
mation indicating whether the resource is a resource for the
C-M2M device or a resource for the S-M2M device is
included in the uplink resource allocation information.

The following is a description of an example of a method
for transmitting data in a wireless communication system to
which device cooperation is applied. Although this method
will be described with reference to an uplink data transmis-
sion method, it will be apparent that the same method can be
equally applied to a downlink data transmission method.

FIG. 5 illustrates a method for transmitting data according
to a first embodiment of the present invention. Specifically,
this embodiment will be described with reference to, as an
example, an uplink data transmission procedure in the case in
which, although an S-M2M device has successfully transmit-
ted uplink data to a C-M2M device, the C-M2M device has
failed to transmit the uplink data of the S-M2M device to a
base station.

The base station allocates an uplink resource for the
S-M2M device and transmits allocation information of the
uplink resource to the S-M2M device through downlink sub-
frame #1 of frame #N (S100). The S-M2M device receives the
allocation information of the uplink resource on the subframe
#1 and transmits uplink data to the C-M2M device using the
allocated uplink resource (uplink subframe #0) (S110). The
C-M2M device receives the uplink data of the S-M2M device
on the uplink subframe #0. In the uplink subframe #0, which
is a D2D listening interval, the C-M2M device needs to
receive the uplink data transmitted by the S-M2M device.

In frame #N+1, the base station allocates an uplink
resource for the C-M2M device and transmits allocation
information of the uplink resource to the C-M2M device
through downlink subframe #1 (S120). Here, the base station
may not transmit allocation information of the uplink
resource for the C-M2M device. This is because the base
station implicitly knows that the C-M2M device can transmit,
to the base station, the uplink data of the S-M2M device in the
same uplink resource region (uplink subframe #0) as that in
which the C-M2M device has received the uplink data from
the S-M2M device in a D2D listening interval. The C-M2M
device transmits the uplink data of the S-M2M device
received from the S-M2M device to the base station using the
allocated uplink resource (uplink subframe #0) (S130). In the
case in which uplink data has been transmitted on the allo-
cated uplink subframe #0, the base station can determine that
the S-M2M device has successfully transmitted uplink data to
the C-M2M device. However, in the case in which the base
station has failed to receive uplink data from the C-M2M
device, the base station transmits negative-acknowledgement
(NACK) information indicating that the base station has
failed to receive uplink data from the S-M2M device to the
C-M2M device on downlink subframe #1 in frame #N+2
(S140). The base station also transmits acknowledgement
(ACK) information indicating that the base station has suc-
cessfully received uplink data from the S-M2M device to the
S-M2M device on the downlink subframe #1 (S150) in order
to prevent the S-M2M device from retransmitting uplink data
and to allow the S-M2M device to enter the off-state mode
early to achieve power saving when the S-M2M device does
not have uplink data to be additionally transmitted. Upon
receiving the NACK information, the C-M2M device retrans-
mits uplink data of the S-M2M device to the base station
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using the uplink subframe #0 which is the same uplink
resource region as that in which the C-M2M device has
received the uplink data from the S-M2M device in a D2D
listening interval according to the synchronous (non-adap-
tive) HARQ retransmission scheme (S160). The C-M2M
device may be set so as to be able to receive and decode
ACK/NACK information in the off-state mode. The C-M2M
device may also be configured so as to be switched from the
off-state mode to the on-state mode to receive ACK/NACK
information during a specific duration.

FIG. 6 illustrates a method for transmitting data according
to a second embodiment of the present invention. Specifi-
cally, this embodiment will be described with reference to, as
an example, an uplink data transmission procedure in the case
in which an S-M2M device has successfully transmitted
uplink data to a C-M2M device and the C-M2M device has
also successfully transmitted the uplink data of the S-M2M
device to a base station.

The base station allocates an uplink resource for the
S-M2M device and transmits allocation information of the
uplink resource to the S-M2M device through downlink sub-
frame #1 of frame #N (S200). The S-M2M device receives the
allocation information of the uplink resource on the subframe
#1 and transmits uplink data to the C-M2M device using the
allocated uplink resource (uplink subframe #0) (S210). The
C-M2M device receives the uplink data of the S-M2M device
on the uplink subframe #0. In the uplink subframe #0, which
is a D2D listening interval, the C-M2M device needs to
receive the uplink data transmitted by the S-M2M device.

In frame #N+1, the base station allocates an uplink
resource for the C-M2M device and transmits allocation
information of the uplink resource to the C-M2M device
through downlink subframe #1 (S220). Here, the base station
may not transmit allocation information of the uplink
resource for the C-M2M device. This is because the base
station implicitly knows that the C-M2M device can transmit,
to the base station, the uplink data of the S-M2M device in the
same uplink resource region (uplink subframe #0) as that in
which the C-M2M device has received the uplink data from
the S-M2M device in a D2D listening interval. The C-M2M
device transmits the uplink data of the S-M2M device
received from the S-M2M device to the base station using the
allocated uplink resource (uplink subframe #0) (S230). In the
case in which uplink data has been transmitted on the allo-
cated uplink subframe #0, the base station can determine that
the S-M2M device has successfully transmitted uplink data to
the C-M2M device. Since the base station has successfully
received uplink data from the C-M2M device, the base station
transmits ACK information indicating that the base station
has successfully received uplink data from the S-M2M device
to the C-M2M device on downlink subframe #1 of frame
#N+2 (S240). The purpose of transmitting this ACK informa-
tion is to prevent the C-M2M device from retransmitting
uplink data of the S-M2M device and also to allow the
S-M2M device to enter the off-state mode early to achieve
power saving when the S-M2M device does not have uplink
data to be additionally transmitted. The C-M2M device may
be set so as to be able to receive and decode ACK/NACK
information in the off-state mode. The C-M2M device may
also be configured so as to be switched from the off-state
mode to the on-state mode to receive ACK/NACK informa-
tion during a specific duration.

FIG. 7 illustrates a method for transmitting data according
to a third embodiment of the present invention. Specifically,
this embodiment will be described with reference to, as an
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example, an uplink data transmission procedure in the case in
which an S-M2M device has failed to transmit uplink data to
a C-M2M device.

The base station allocates an uplink resource for the
S-M2M device and transmits allocation information of the
uplink resource to the S-M2M device through downlink sub-
frame #1 of frame #N (S300). The S-M2M device receives the
allocation information of the uplink resource on the subframe
#1 and transmits uplink data to the C-M2M device using the
allocated uplink resource (uplink subframe #0) (S310). The
C-M2M device receives the uplink data of the S-M2M device
on the uplink subframe #0. In the uplink subframe #0, which
is a D2D listening interval, the C-M2M device needs to
receive the uplink data transmitted by the S-M2M device.

In frame #N+1, the base station allocates an uplink
resource for the C-M2M device and transmits allocation
information of the uplink resource to the C-M2M device
through downlink subframe #1 (S320). Here, the C-M2M
device cannot transmit uplink data of the S-M2M device to
the base station since the C-M2M device has failed to receive
the uplink data from the S-M2M device although the C-M2M
device has received the allocation information of the uplink
resource in the downlink subframe #1. When uplink data has
not been transmitted in the allocated uplink subframe #0, the
base station may determine that the S-M2M device has failed
to transmit uplink data to the C-M2M device. The base station
transmits NACK information indicating that the base station
has failed to receive the uplink data of the S-M2M device
through downlink subframe #1 of frame #N+2 (S330). The
base station also transmits allocation information of an uplink
resource through the downlink subframe #1 (S330). The
S-M2M device receives the allocation information of the
uplink resource and the NACK information on the downlink
subframe #1 and retransmits the uplink data of the S-M2M
device through the allocated uplink resource (uplink sub-
frame #0) (S340). Thereafter, the above procedure is repeated
in the same manner.

The above embodiments are provided by combining com-
ponents and features of the present invention in specific
forms. The components or features of the present invention
should be considered optional unless explicitly stated other-
wise. The components or features may be implemented with-
out being combined with other components or features. The
embodiments of the present invention may also be provided
by combining some of the components and/or features. The
order of the operations described above in the embodiments
of the present invention may be changed. Some components
or features of one embodiment may be included in another
embodiment or may be replaced with corresponding compo-
nents or features of another embodiment. It will be apparent
that claims which are not explicitly dependent on each other
can be combined to provide an embodiment or new claims
can be added through amendment after this application is
filed.

Those skilled in the art will appreciate that the present
invention may be embodied in other specific forms than those
set forth herein without departing from the spirit and essential
characteristics of the present invention. The above descrip-
tion is therefore to be construed in all aspects as illustrative
and not restrictive. The scope of the invention should be
determined by reasonable interpretation of the appended
claims and all changes coming within the equivalency range
of'the invention are intended to be embraced within the scope
of the invention.
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INDUSTRIAL APPLICABILITY

The method for transmitting data by an M2M device
according to the present invention can be applied to various
wireless communication systems such as 3GPP LTE/LTE-A
and IEEE 802.
The invention claimed is:
1. A method for transmitting data by a source User Equip-
ment (UE) in a wireless communication system, the method
comprising:
transmitting uplink data of the source UE to a cooperative
UE on a first uplink subframe of an Nth frame, the uplink
data being transferred by the cooperative UE to a base
station in a first uplink subframe of an (N+1)th frame;

receiving feedback information, which is either ACK or
NACK in response to the transmitted uplink data of the
source UE directly from the base station in a second
downlink subframe of an (N+2)th frame;

determining whether to perform of a retransmission of the

uplink data of the source UE to the cooperative UE based
on the received ACK or NACK; and

performing the retransmission of the uplink data of the

source UE to the cooperative UE, when the received
feedback information is NACK,

wherein the retransmission of the uplink data of the source

UE is performed on a first uplink subframe of an (N+2)th
frame.

2. The method according to claim 1, wherein the Nth frame
and the (N+2)th frame are intervals in which the cooperative
UE operates in an off-state mode for power saving and the
(N+1)th frame is an interval in which the cooperative UE
operates in an on-state mode in which the cooperative UE can
transmit or receive data.

3. The method according to claim 2, wherein each uplink
subframe of the Nth frame and the (N+2)th frame is a Device
to Device (D2D) listening interval in which the cooperative
UE receives uplink data of the source UE from the source UE
and the D2D listening interval is included in an interval in
which the cooperative UE operates in the off-state mode.

4. The method according to claim 2, wherein the interval in
which the cooperative UE operates in the off-state mode
includes a D2D listening interval in which the cooperative UE
receives data and decodes the received data.

5. The method according to claim 1, wherein an uplink
resource region through which the cooperative UE receives
the uplink data of the source UE from the source UE is
identical to an uplink resource region through which the
cooperative UE transmits the uplink data of the source UE to
the base station.

6. A source User Equipment (UE) for transmitting datain a
wireless communication system, the apparatus comprising:

a transmitter;

areceiver; and

a processor configured to:

control the transmitter to transmit uplink data of the
source UE to a cooperative UE on a first uplink sub-
frame of an Nth frame, the uplink data being trans-
ferred by the cooperative UE to a base station in a first
uplink subframe of an (N+1)th frame;

control the receiver to receive feedback information
which is either ACK or NACK in response to the
transmitted uplink data of the source UE directly from
the base station in a second downlink subframe of an
(N+2)th frame;

determine whether to perform of a retransmission of the
uplink data of the source UE to the cooperative UE
based on the received ACK or NACK; and
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control the transmitter to perform the retransmission of
the uplink data of the source UE to the cooperative
UE, when the received feedback information is
NACK,

wherein the retransmission of the uplink data of the
source UE is performed on a first uplink subframe of
an (N+2)th frame.

7. The apparatus according to claim 6, wherein the Nth
frame and the (N+2)th frame are intervals in which the coop-
erative UE operates in an off-state mode for power saving and
the (N+1)th frame is an interval in which the cooperative UE
operates in an on-state mode in which the cooperative UE can
transmit or receive data.

8. The apparatus according to claim 7, wherein each uplink
subframe of the Nth frame and the (N+2)th frame is a Device
to Device (D2D) listening interval in which the cooperative
UE receives uplink data of the source UE from the source UE
and the D2D listening interval is included in an interval in
which the cooperative UE operates in the off-state mode.

9. The apparatus according to claim 7, wherein the interval
in which the cooperative UE operates in the off-state mode
includes a D2D listening interval in which the cooperative UE
receives data and decodes the received data.

10. The apparatus according to claim 6, wherein an uplink
resource region through which the cooperative UE receives
the uplink data of the source UE from the source UE is
identical to an uplink resource region through which the
cooperative UE transmits the uplink data of the source UE to
the base station.

11. A method for receiving data by a base station in a
wireless communication system, the method comprising:

receiving uplink data of a source UE from a cooperative UE

on a first uplink subframe of an Nth frame;
decoding the received uplink data; and
transmitting feedback information which is either ACK or
NACK inresponse to the received uplink data to both the
source UE and the cooperative UE based on a result of
the decoding on a second subframe of an (N+1)th frame,

wherein ACK is transmitted to the source UE and NACK is
transmitted to the cooperative UE when the base station
has failed to decode the received uplink data success-
fully, and

wherein ACK is transmitted to both the source UE and the

cooperative UE when the base station has decoded the
received uplink data successfully.

12. A base station for receiving data in a wireless commu-
nication system, the base station comprising:

a transmitter:

a receiver; and

a controller configured to:

control the receiver to receive uplink data of a source UE
from a cooperative UE on a first uplink subframe of an
Nth frame;

decode the received uplink data; and

control the transmitter to transmit feedback information
which is either ACK or NACK in response to the
received uplink data to both the source UE and the
cooperative UE based on a result of the decoding on a
second subframe of an (N+1)th frame,

wherein ACK is transmitted to the source UE and NACK
is transmitted to the cooperative UE when the base
station has failed to decode the received uplink data
successfully, and

wherein ACK is transmitted to both the source UE and
the cooperative UE when the base station has decoded
the received uplink data successfully.
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